Cefepime is a fourth generation cephalosporin which is bactericidal for broad spectrum of organisms. This is a case-series of three patients who presented to our hospital with confusion secondary to cefepime use to treat urinary tract infection (UTI) and health care associated pneumonia (HCAP), after excluding other common etiologies of altered mental status (AMS). Of these three patients, one had progressive expressive aphasia and the other two demonstrated asynchronous myoclonic activity of the limbs. The symptoms were seen within four to five days of initiating the treatment and resolved within three days of discontinuation of cefepime. Acute structural abnormalities were excluded by computed tomography (CT) and magnetic resonance imaging (MRI) of the brain. Electroencephalogram (EEG) showed diffuse slowing activity with triphasic waves consistent with encephalopathy. In one patient, renal function was within normal limits, whereas it was abnormal in two patients. To our knowledge, this is the first report of cefepime induced asynchronous myoclonus and expressive aphasia in a patient with normal kidney function.
Introduction
Cefepime is a 4th generation cephalosporin antibiotic commonly used in the inpatient setting. Clearance primarily occurs via the kidney and neurotoxicity with a range of neurological manifestations has been reported particularly in patients with renal impairment. Cefepime induced neurotoxicity can be challenging to recognize but it is generally reversible. In this case series, we present three patients who developed cefepime induced neurotoxicity and experienced complete recovery with discontinuation. Jallon et al. described 19 cases of severe encephalopathy associated with renal impairment [1] . Prolonged confusion with temporospatial disorientation and hallucinations persisted in these patients for 2-8 days after cefepime discontinuation. Bilateral distal myoclonus was also reported in a quarter of the cases. Chow et al. reviewed 42 cases and reported confusion and temporospatial disorientation in 96% of the cases, myoclonus in 33% and seizures in 13% [2] . Many of these patients were elderly with uremia. Median of cefepime treatment before symptom onset was 5 days. The median time lag between symptom onset and diagnosis was also 5 days, which emphasizes the need for improved awareness regarding cefepime neurotoxicity.
There are also less frequent reports of neurotoxicity despite renal adjustments to dosage. Gangireddy et al. described a febrile neutropenic patient with stage IV chronic kidney disease who was treated with renally dosed cefepime for pneumonia [3] .
Results
We present three cases of cefepime induced neurotoxicity in whom the diagnosis was made after excluding other common etiologies of AMS.
In one patient, neurotoxicity was manifested by new onset progressive expressive aphasia which was seen within four days of initiating treatment and was not reported at the time of initial presentation. Two patients demonstrated asynchronous myoclonic activity of the limbs (see Table 1 ). The symptoms were seen within four to five days of initiating the treatment. The symptoms resolved completely within three days of discontinuation of cefepime in all patients. Acute structural abnormalities were excluded by CT and/or MRI of the head (see Fig. 1 ). EEG showed diffuse slowing activity with classical triphasic morphology and prominent positive phase most consistent with toxic/ metabolic encephalopathy (see Fig. 2 ). In one patient renal function was within normal limits, whereas it was abnormal in two patients (see Table 2 ).
Discussion
We present a case-series of 3 patients with cefepime induced neurotoxicity. To our knowledge, this is the first report of cefepime induced asynchronous myoclonus and expressive aphasia in patients with normal kidney function. Neurotoxicity in patients with or without renal failure who are treated with cefepime has been reported. Neurotoxicity is an underreported side effect of cefepime especially in patients with normal renal function [4] .
Besides impaired kidney function, other established risk factors that should be considered include advanced patient age, liver disease and pre-existing neurological disorders [3] . Neurotoxicity has been reported for other antibiotics and cephalosporins but there is evidence of increased risk with cefepime [5] .
Perhaps, this increased risk reflects enhanced affinity for the GABA receptor due to specific molecular conformations of the drug. Alternatively, cefepime may exhibit chemical structural affinity for increased accumulation in spinal fluid.
Retrospective study by Fugate et al. identified 15 cases out of 100 ICU patients [4] . Patients were treated with cefepime for at least 3 days before developing symptoms including impaired consciousness, encephalopathy, and myoclonus. The authors stratified the strength of association between symptoms and cefepime use as 7 cases being considered definite, 3 probable and 5 possible. This effort to stratify likelihood reflects the frequent cloudiness of the clinical picture in patients requiring cefepime.
Another retrospective analysis of 30 febrile neutropenic patients by Lamoth et al. aimed to determine the association between plasma cefepime levels and associated neurotoxicity [6] . Out of the 30 cases, 6 developed neurological symptoms that improved or resolved completely with cefepime discontinuation. High serum concentration of cefepime was an independent predictor of neurotoxicity with a 50% probability threshold at concentrations greater than 22 mg/l. Importantly the authors noted all 6 cases displayed only mild renal impairment with GFRs ranging from 41 to 65 ml/min. This study demonstrated the utility of serum measurements thereby providing justification for greater accessibility to such testing.
In 2012, the FDA issued a Safety Warning reminding of the need to make adjustments to cefepime dosage based on renal function [7] . Statement referenced 59 cases of non-convulsive status epilepticus reported in the FDA's Adverse Event Reporting System database between 1996 and 2012.
In summary, recognizing cefepime as a source of neurotoxicity can be a challenge given the clinical picture is often clouded by accompanying causes of encephalopathy such as metabolic disturbances, infection, uremia, and hepatic encephalopathy. For this reason, a heightened index of suspicion is required when treating patients with renal and hepatic impairments even when cefepime is dosed appropriately. This report highlights atypical presentation of cefepime induced toxicity with focal neurological symptoms despite absence of structural abnormalities on MRI of the brain and the possibility of occurrence of cefepime induced neurotoxicity even with normal renal and liver function.
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